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METHOD AND SYSTEM TO SCALE DOWN A DEaSION TREE-BASED 
HTODEN MARKOV MODEL (HMM) FOR SPEECH RECOGNITION 

FIELD OF THE INVENTION 

The present invention relates generally to speech processing and to automatic ' 
speech recognition systems (ASR). More particularly, the present invention relates to a 
method and system to scale down a decision tree-based hidden markov model (HMM) 
for speech recognition. 

BACKGROUND OF THE INVENTION 

A speech recognition system recognizes a collection of spoken words ("speech*') 
into recognized phrases or sentences. A spoken word typically includes one or more 
phones or phonemes^ which are distinct soimds of a spoken word. Thus, to recognize 
speech, a speech recognition system must determine relationships between tiie words 
in the speech. A common way of determining relatioiiships between words in 
recognizing speech is by U3ing a general-purpose acoustical model ("general model") 
based on a hidden markov model (HMM). 

TypicaUy, a HMM is a decision tree-based model in which the PIMM uses a 
series of transitions from state to state to model a letter, a word, or a sentence. Each 
arc of the transitions has an associated probability, which gives the probability of the 
transition from one state to the next at an end of an observation frame. As such, an 
unknown speech signal can be represented by ordered states with a given probability. 
Moreover, words in an unknown speech signal can be recognized by using the ordered 
states of the HMM. The HMM, however, can place a heavy burden on system 
resources. 

Thus, a challenge for speedi recognition systems is how to utilize systmi 
resources for improving the performance of using a general model such as the HMM. 
A disadvantage of using the general model is that it is trained for broad use from a 
very large vocabulary, which can lead to poor performance for special applications 
related to specific vocabulary. For example, a mismatch between speaker 
characteristics, transmission channek, training data, etc, can degrade speech 
recognition performance using the general model. Another disadvantage of the 
general model is that it requires extensive computation costs and high resource 
utilization. 
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The features and advantages of the present invention are illustrated by way of 
example and not intended to be limited by the figures of flie accompanying drawings 
in which like references indicate similar elements/ and in which: 

FIG. 1 is a diagram illustrating an exemplary digital processing system for 
implementing the present invention; 

FIG. 2 is a flow chart illustrating an operation to scale a general model into a task 
specific model according to one embodiment; 

FIGS. 3A through 3D are exemplary diagrams ilhistrating how decision trees can 
be scaled; 

FIG. 4 is a flow chart illustrating a trim-down operation according to one 
embodiment; 

FIG. 5 is a flow chart illustrating a task adapting and interpolating operation 

according to one enibodiment; and 

FIG. 6 is a flow diagram illustrating an interpolation process according to one 

embodiment. 
« 

DETAILED DESCRIPTION 

According to one aspect of the invention, a method and system are provided in 
which a dedsibn tree-based model ("general model") is scaled down ("trim-down") for 
a given task. The trim-down model can be adapted for flie given task using task 
specific data. The general model can be based on a hidden markov model (HMM) and 
can be trained flnrough a large scale general purpose (task-independent) speech 
database. 

By allowing a decision tree-based acoustic model C'general model") to be scaled 
according to the vocabulary of the given task, the general model can be configured 
dynamically into a trim-down model, which can be used to improve speech 
recognition performance and reduce system resource utilization. Furthermore, the 
trim-down model can be adapted/adjusted according to task specific data, e.g., task 
vocabulary, model size, or other like task specific data. 

FIG. 1 is a diagram illustrating an exemplary digital processing system 100 for 
implementing the present invention. The speech processing and speech recognition 
techniques described herein can be implemented and utilized within digital processing 
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system 100, which can represent a general purpose computer, portable computer, 
hand-held electrpnic device, or other like device. The components of digital 
processing system 100 are exemplary in which one or more components can be 
omitted or added. For example, one or more memory devices can be utilized for 
digital processing sjrstem 100. 

Referring to FIG, 1, digital processing sjratem 100 includes a central processing 
unit 102 and a signal processor 103 coupled to a display circuit 105, main memory 104, 
static memory 106, and mass storage device 107 via bus 101. Digital processing system 
100 can also be coupled to a display 121, keypad input 122, cursor control 123, hard 
copy device 124, input/ output (I/O) devices 125, and audio/speedi device 126 via 
bus 101. 

Bus 101 is a standard system bus for communicating information and signals. 
CPU 102 and signal processor ^03 are processing units for digital processing system 
100. CPU 102 or signal processor 103 or both can be used to process information 
and/or signals for digital processing system 100. Signal processor 103 can be used to 
process speech or audio information and signals for speech processing and 
recognition. Altematiyely, CPU 102 can be used to process speech or audio 
information and signals for speech processing or recognition. CPU 102 indudes a 
control unit 131, an arithmetic logic imit (ALU) 132, and several registers 133, which 
are used to process information and signals. Signal processor 103 can also indude 
similar components as CPU 102. 

Main memory 104 can be, e.g., a random access memory (RAM) or some other 
dynamic storage device, for storing iof ormatipn or instructions (program code), which 
are used by CPU 102 or signal processor 103. For example, main memory 104 may 
store speech or audio information and instructions to be executed by signal processor 
103 to process the speedi or audio information. Main memory 104 may also store 
temporary variables or other intermediate infoimation during execution of 
instructions by CPU 102 or signal processor 103. Static memory 106, can be, e.gv a 
read only memory (ROM) md/or other static storage devices, for storing information 
or instructions, which can also be used by CPU 102 or signal processor 103. Mass 
storage device 107 can be, e.g., a hard or floppy disk drive or optical disk drive, for 
storing information or instructions for digital processing system 100. 
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Display 121 can be, e.gv a cathode ray tube (CRT) or liquid crystal display (LCD). 
Display device 121 displays information or graphics to a tiser. Digital processing 
system 101 can interface with display 121 via display circuit 105. Keypad input 122 is a 
alphanumeric input device for communicating information and command selections to 
digital processing system 100. Cursor control 123 can be, e.gv a mouse, a trackball, or 
cursor direction keys, for controlling movement of an object on display 121. Hard 
copy device 124 can be, e.g., a laser printer, for printing information on paper, film, or 
some other like medium. A nximber of input/ output devices 125 can be coupled to 
digital processing system 100. For example, a speaker can be coupled to digital 
processing system 100. Audio/speech device 126 can be, e.g., a microphone with an 
analog to digital converter, for capturing soimds of speech in an analog form and 
transforming the sounds into digital form, which can be used by signal processor 203 
and/or CIV 102, for speedi processing or recognition. 

The speech processing techniques described herein can be implemented by 
hardware and/or software contained within digital processing system 100. For 
example, CPU 102 or signal processor can execute code or instructions stored in a 
machine-readable medium, e.g., main memory 104, to process or to recognize speech. 

The machine-readable medium may include a mechanism that provides (i.e., 
stores and/or transmits) information in a form readable by a machine siidi as 
computer or digital processing device. For example, a machine-readable medium may 
include a read only memory (ROM), random access memory (RAM), magnetic disk 
storage media, optical storage media, flash memory devices. The code or instructions 
can be represented by carrier wave signals, infrared signals, digital signals, and by 
other like signals. 

PIG. 2 is a flow chart illustrating an operation 200 to scale a general model into a 
task specific model according to one embodiment Operation 200 includes two parts. 
The Bxst part relates to how the general model is scaled by the vocabulary of the given 
task to create a trim-down model. The second part relates to adapting the trim-down 
model based on task specific data to create a task spedflc model. These two parts of 
operation 200 can be used separately or in combination. 

Referring to FIG. 2, at operations 202 and 204, vocabulary knowledge of a given 
task and a general model are input to a trim^iown operation 206 for reducing the 
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general model accx)rding to the vocabulary of a given or specific task into a "trim- 
. down model". 

The general model may be a general-purpose acoustical model such as the HMM. 
For example, the general model may be a decision tree-based HMM. The general 
model may indude an exhaustive list of words for a given language. The vocabulary 
knowledge of the given task, however, may include only a small subset of the general 
• model. For example, ttie vocabulary knowledge of the given task may be related to 
Veather reporting" and indude words and phrases sudi as, for example, "doudy," 
"rain today," "temperature," "humidity," "the temperature today will be," etc 

At operation 206, the general modd is trimmed down according to the 
vocabulary of the given task to create a "trim-down model " The trimrdown operation 
206 allows a general model to be scaled for use by specific vocabulary instead of 
having to use the (exhaustive vocabulary of the general model. 

At operation 208, the trim-down modd is adapted with task specific data to 
configure tiie trim-down model according to specific task requirements such as, for 
example, task specific vocabulary, modd size, etc. For example,.titie trim-down modd 
can be trained for a task dependent modd. 

At operation 210, a tadc specific modd can be obtained after adapting the trim- 
down modd. For example, a general modd can be scaled down for a given task such 
as, for example, weather reporting and adapted with weather reporting specific data to 
cteaie a task specific modd for weather reporting. Thus, operation 200 provides a fast 
and accurate task specific modd for recognizing speedi of the given task by 
downsizing or scaling a general modd for the given task. 

FIGS. 3A through 3D are exemplary diagrams illustrating how decision trees 
can be scaled. For purposes of illustration, the decision trees are trees based on 
decision tree state dustering for a generd model such as the HMM. In the following 
examples of FIGS. 3A through 3D, child nodes or leaf nodes of the same parent node 
represent HMM states of similar acoustic realization. Parameters under child or leaf 
nodes are dustered down to a smaller size. Each HMM state represents a triphone 
unit A triphone unit indudes a phone or phoneme having a left and right cont&cL 

Ftirthennore, each node of the decision trees is rdated to a question regarding 
the phonetic context of Ihe triphone dusters with the same c^tral phone. A set of 
states can be recursively partitioned into subsets according to the phonetic questions at 
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each tree node if trjaversing the dedsioii tree from the root to its leaves. States reaching 
the same child or leaf node on the decision tree are regarded as similar and the nurnber 
of child or leaf nodes determines the nimrber of states. 

The following exemplary decision trees illustrate the rules for merging nodes of 
a decision tree of a general modd. That is, if all the child or leaf nodes from a parent 
node do not occur in tiie given task, the child or leaf nodes will merge wiiii the parent 
node. In addition, if all the child or leaf nodes from a parent node do occur in £he 
given task, the child or leaf nodes will not merge with the parent node. Furthermore, 
if any parent node having incomplete descendants (i.e., descendants that do not occur 
in the given task), it will be replaced by its child or leaf node, which does haye 
complete descendants. 

FIG. 3A and 3B illustrate if all of the child or leaf nodes from a parent node do 
not occur in the given task, the .child or leaf nodes will merge with the pareint node. 
Referring to FIG. 3A, an exemplary decision tree is shown having a plxirality of nodes 
302 through 310. A node labeled with a line *) through it refers to a node that 
occurs in a given task. Node 308 refers to a node that occurs in the given task. For 
example, node 308 may refer to the word "cloudy" for the given task of 'Veattier 
reporting." For one implenientation, during a trimrdown operation, nodes like node 
308 and 310 will merge with its parent node 304 because not all of the child or leaf 
nodes from its parent libde 304 occur in the given task. Referring to FIG. 3B, another 
exemplary decision tree is shown having a plxirality of nodes 312 through 320. The 
decision tree has no nodes labeled with a line ("-") through it Thus, for anotiier 
implemfflitation, during a trim-down operation, child or leaf nodes like nodes 318 and 
320 will merge with its parent node 314 becaxise they do not occur in the given task. 

FIG. 3C illustrates if all of the child or leaf nodes from a parent node do occur in 
the given task, the child or leaf nodes will not merge with the parent node. Referring 
to FIG. 3C, an exemplary decision tree is shown having a plurality of nodes 322 
through 330. A node labeled with a line f-") through it refers to a node that occurs in 
agiventask. The nodes 328 and 330 refer to a node that occurs in the given task. 
Thus, for another ixr^lementatioiv diu±ig a trim-down operation, nodes 328 and 330 
will not merge with its parent node 324. 

FIG. 3D illustrates that if any parent node having incomplete descendants (i.e., 
descendants that do not occur in the given task), it will be replaced by its child or lesS 
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node, which does have complete descendants. Referring to FIG. 3D, an exemplary 
decision tree is shown having a plurality of nodes 332 through 342. The parent node 
333 has child or leaf nodes that are incomplete, however, child or leaf node 338 has 
complete descendants, i.e., nodes 340 and 342. Thias, node 338 will merge with parent 
node 333. Node 336 may also inerge with parent node 333 foUowing.the rules set forth 
inFIGS.SAandSB. 

HG. 4 is a flow chart iUustrating in further detail the trim-down op 
of FIG. 2 according to one embodiment Referring to HG. 4, at operation 402, a 
decision tree of a general model is obtained. The decision tree can be similar to the 
exemplary decision trees shown in HGS. 3A through 3D. 

At operation 404, leaf nodes of the are labeled if they occur in the given task 
vocabulary. For example, as shown in FIG. 3A, node 308 is labeled as having occurred 
in the given task. . 

At operation 406, leaf nodes are merged if necessary. iFor one implementation, 
as illustrated in. FIGS. 3A and 3B, if all of the child or leaf nodes from a parent node do 
- not occur in die given task, the child or leaf nodes will merge with ilie parent node. 
For ailother implementation, as iUtistrated in FIG. 3C> if aU of the child or te^ 
from a parent node do occur in the g^ven task, the child or leaf nodes will not merge 
with the parent node. For another implementation, as illiastrated in FIG. 3D, if any 
parent node having incomplete descendants (i.e., descendants that do not occur in the 
given task, it will be replaced by its child or leaf node, which does have complete 
descendants. 

The merged nodes in the trim-down operation 206 can be represented by mixed 
. gaussian distributions to achieve high performance in speech recognition systems. For 
example, given two leaf ("child") nodes and n^, with Gaussian distributions 
Gi=iV(rt,S,) and =iV(/i2*22)/respectivdy,usingaBauinrWelchM^ 
tiie following two equations can be used: 




where X = {speech data aligned to Gaussian Gj wifli occupancy count ^or 
each data x), a = is total occupancy of Gaussian Gj in the training data. 
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Furthermore, assuming titat both sets of data X and Y are modeled by the coxnbined 
Gaussian G = N(fi, J) ) , le., when the two leaf nodes n^ and n, are merged together. 
The following merged mean and variance can be computed as follows: 

(4) 

where b = ]^y(y) is total occupancy of Gaussian G^ in the training data. 

FIG- 5 is a flow chart illustrating a task adapting and interpolating operation 500 
according to one embodiment Refming to FIG. 5, at operation 502, a trim-down 
model of a general model is obtained, For example, the operation 206 can be used to 
obtain a trimrdown model. 

At operation 504, the trim-down model is trained with task specific adaptation 
data. The task adaptation data can be used to adapt the general model (using the trim- 
down model) for the vocabulary o the given task. At operation 506, a task dependent 
model is derived after the training process of operation 504 using tiie trimrdown 
model and the task specific adaptation data. 

At operation 508, the trim-down model and task dependent model can be 
interpolated. The interpolation process can use an approximate maximum a posterior 
(AMAP) estimation process as will be explained in FIG. 6. 

At operation 510, a specific task model is generated after interpolating the trim- 
down model and the task dependent model. 

FIG. 6 is a flow diagram illustrating an interpolation process (AMAP) 600 
according to one embodiment Referring to FIG. 6, at functional block 602, adaptation 
data is input to a BaimvWeldi process to obtain a posterior probability. The posterior 
probability can be obtain as follows. 

Suppose that y, is, ) is the probability of being at state s^ at time t given tiie 
current HMM parameters, and ^ui^,) is the posterior probability of the idi mixture 
component. 
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^ p(Q>i|x,)iy(x,;/fpXf) 

M 

At functional blocks 606, 608, and 610, an approximate MAP (AMAP) 
estimation scheme can be implemented by linearly combining the general model and a 
task dependent model (TD model) with task specific counts for each component 
density. 

{x),--=A{.);+(l-A)(.)- 

(«->^--=a(xx^);+(1-A)(xc^)» 

Where the superscripts on the right-hand side denote the data over which the 
following statistics (counts) arecollected during one iteration of the forward-backward 
algorithm. 

Where the weigjit A controls the adaptation rate. Using ttie combined coimfe, 
we can compute tiie AMAP estiiiiates of the means and covariances of each Gaussian 
component density from 



AMAP 



AMAP 
TV AMAP 



EAMAP_ \XX )f AMAP. , AMAP 

t- TSmSp f^i ) 

At functional block 612, a task adaptation model or a task specific model is 
obtained by the combination of the general model and the task dependent model. 

The following is exemplary high level code for in^lementing a trimrdown 
operation to scale a general modeL For exan^le, the trim-down operation as 
described herein can be implemented tising the following exemplary code. 
Furthermore, the trim-down operation can be implemented with any standard 
programming language such as, for example, "C" or "C++.'' 
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#include "hmm/hmmphysii** 
#indude *li2iun/hinmparam Ji" 
#indude luiun/hixvmmap Ji" 
#!ndude "hnun/hmmlistii** 
#mclude "hmm/ phnenc Ji" 
#indude "hmm/phrmame Ji** 
#mdude Tmun/monoii" 
#indude "dcstree/questionii" 
#indiude "statis/statis J\- 
#indude "dcslreeJi" 
#iiidude "dsizemodeLvocii" 
#indude logmathJi" 
#izidude ''exscazuh" 

extern HMMPhysical *hininphys; 

©ctem HMMParam *hinmparain; 

extern HMMMap *hmminap; 

extern DcsTreeQuestioEl Mtq; 

extern STATB ^hmmocc; 

extern ExStaleScan *exscan; 

extern MonoPhone *tnono; 

extern float *newWgtSet; 

extern float ''tiewMeanSet; • 

extern float *newVarSel; 

extern int *newNinixSeb 

extern int *newMixSet; 

/* This function combine the nodes widinone or only one child ruxie canbe traversed from die 
vocabulary list*/ 

int DSizeModel::VocMergeNodes31(aDcsTreeNode '^de^n^ 
printfCentering node%d\n";node->id); 
node->magi63ocnagic; 
if (node->VocLExist>=0) return newstate; 
if (node->Voc_Exisl=-l) I 
if (!node->yes) return newstate; 
if (node->yes->Voc_Exist=-l) 

iiewstate=VocMergeNodes_M(node->yes,magicpMW5tate); • 
if (node->no->Voc^xisfc=-l) 
newstate=V6(MergeMode5jM(node->no,magic;newstate); 

1 

if ((node->yes->Voc JExist>=2) | ] (node->no->Voc_Exist>=2)) { 
node->VocLExist==iuxie->ye&->Voc_Exist+node->no->VocJ&dsl; 
return newstate; 

I 

if ((node->yes->Voc_Exist==l)&&(node->no->Voc_Exist==l)) { 
node->Voc_Exist=2; 
return newstate; 

1 

if ({node->yes->Voc Jxist>=:0)&&(node->no->Voc_Exist>=0)) { 
float cost=MergeGaussianCost(node->yes^ode->no); 
//if (cost>=0^10) { printf("cost=%132fW)p:etum newstate;) 

printffMerge node%d and node%d^ the lost cost=%102f\n''^iu9de->ye5->id^ode->no->id/C06t); 
f or (int sss=0; sss<runix; sss+f) { 
FinalCGLTopl2[sss].combCost=CGLTopl2[sss].combCo5t; 
FinalCGLTopl2[sss]xoinbWdgJ\t<:GLTopl2[sss].combWeig^l; 
for (int ttt=0,-ttt<DSvecSize,-ttt++) { 
FinalCGLTopl2[ss5]xombMeaiilttt]=CGLTopl2[ssslxombMeaii[ttt^^ 
FinalCGLTopl2[sssi.combVarItttl=CGLTopl2[ssslxombVar[tttl; 

} 

1 
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) 

CopyParainl(node->yes^ode->no^ewstate); 

piintf("new state %d is generated successfiJlylW^newstate); 

node->VocJSxist=snode->yes^>VocJExist+node->nc^^ 

node->state=newstate+newstatBbase; 

node->occ=node->yeS">occ+node->no->occ; 

newstate++; 

retumnewstate; 

) 

/* This function mark the nodes with one child node's Voa,Exist=0 */ 

aDcsTreeNode * I>SizeModel::VocMergeNodes Jtefine(aDcsTreeNode *nodeM magi(;,aDcsTreeNode 
*temp^ode){ 
printffenteiing node%d\n"A^ode->id); 

node->magic=inagic; 

if (node->Voc_Exist<=l) return temp_node; 
if (node->Voc_Exist>=2) { 

if (!iiode->yes) { piintfi["Error\n"); return temp_Aode;J 
. temp_^ode=VocMergeNodesJReiSxie(node->yes^ 

temp jnodesVocMergeNodesJtefine(node->no^gic;tempjnode); 

if (((node->yes->Voc^Exist>=2)&&(node->no->VocLExists=^ | | ((node->no- 
>VoQjExist>=2)&&(node->yes->VocLExist=0))) { 
if (tempjfiode) { 

printf("Starting refinement,%d node is being replaced by %d node node->id, temp jiode->id); 
node->occ=node->yes->occ+node->no->occ; 

nodfr->Voc_Exist=5lOOO; /* mark with a large number which can not be achieved in general cases */ 
retumnode; 

letum temp jiode; 

) 

if ((node->yes->VocJSxist=s=l)&&{node->no->VocJExist=l)) { 
retumnode; 

J 

retumnode; 

float DSizeModel::MergeGaussianCost(aDcsTreeNode ^a^aDcsTreeNode '*^b) { 
iht esidxl=a->state; 
int esidx2=b->state; 

float al,bl,ininnmi?^rniaxnmix; 
int inixl4nix2; 
intranixl/nmix2; 

float *meanl/varl,'^Daean2,Var2,'^eanl j:,^^arljr^*meafl 
int ^ttewnmixsnewNmixSet; 
int *newmix=snewMb€Set; 
if (esidxl<newstatebase) { 

if (a->occ<=Oi)) a->occ=hmmocc->GetOcct(eskixl); 

mixlshmmparam->ExState(esidxl)->mix; 

raxuxlsshianmparam->ExState(esidxl)->ninix; 

meanl=lunmparam->Mean(mixl); 

varl=hmmpaiam->Var(mixl); 
}e]se{ 

nmixl=newnmix[esidxl-newstatebase]; 

meaxa..j=newMeanSet4^newmix[esidxl-new5tatebasel'^DSvecSr^^^ 
varlj5=newVaiSet+newmix[esid3d-newstatebaseI*(DSveC^ 

} 

if (esidx2<new5tatebase) { 
if (b->occ<=0.0) b->occ=hnimocc->GetOcct(esidx2); 

11 
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inix2=hizunparaixb>>£xState(esidx2)*>nwg 
ranix2=hinmparam->ExStale(esid5d2)->iiinix; 
meaii2shixunpaiaxn->Meaix(i)iix2); 
vai2shxnmparam->Var(inix2); 
)else{ 

niiux2=newiuriix(esidx2-newstatebase]; 

mean2Li^ewMeanSet+iiewnux[esidx2-newstatebase]*re 

vai2jc^eivVarSet4^newnux[esidx2'new5tatebase]*(DSvecSk 

1 

float *wgtl^*wgt2; 

if (esidxl<new5tatebase) 

wgtl=hmmparaznr>Wdg^t(luximpara2^ 
else 

wgtl=newWgtSet+newxzux[esid3(l-newstatebase]; 
if (esidx2<new5tatebase) 

. wgt2=hmxnpaiam->Wd^t(hmiiq>aram 
else 

wgl2=newWgtSet+new]iux[esi£bc2-ziewstatebaseI; 
float aa^bb; 
float SiimVar[36L* 

nuniun2x^riEnixl>imux2)?imuxlan^^ 
maxixmix=(mxuxl>iunix2)?miuxl3^ 
if ((nmixisninixl) 1 1 (rmuxl=nmix2)) { 
piintff ex%d and ex%d*s Mixture Number mismatdv they are %d and 
%d\n"^idxl^esidx2,mnbclpiinix2); 

/"^ Here we only dioose the state with max Mixture Number's parameter as die newstate's parameter 

V 

for (int i=:04<maxnmix4++) { 
if (nmix2>nmixl) { 
if (esidx2<new5tatebase) ( 

mean2=hmmparam->Mean(mix2+9; 
vaz2=hmmparamr>Var(mix2+i); 
}else( 

mean2»mean2^+i*DSyecSi2e; 
vai2=vai^+i*CDSvecSize+l); 

) ' 

CGLTopl2Ii].combWeighb=wgt2[i]; 
for (int j=0,j<DSvecSize,j++) { 

CGLTopl2[il.combMeanO]=nnean2|]l; 

CGLTopl2Iil.ccHri>Var|jl=?vai20+lJ; 

1 

)else{ 

if (esidxl<newstatebase) { 

meanl=hmmparam->Mean(mixl+i); 

varl=hmmparam->Var(mixl+i); 
}e]se{ 

meanl=meanl_r+i*DSvecSize; 
varl=svarlj+f*(DSvecSize+l); 

1 

CGLTopl2[i]xombWeighfc=wgtl[il; 
for (int j=0,j<DSvecSize,j++) { 

CGLTopl2[il.combMean01=meanlIjI; 

CGLTopl2li}.co!mbVarljl=wl(}+ll; 

1 

) 

1 

return -1.0; 

1 

12 
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for (int ii=04i<nmbpi++) { 
aa=:exp(wgtl[iiD; 
al=a->occ*aa; 
if (esidxl<new5tatebase) { 

meanl=shzximpaiaiiw>Mean(xiuxl+ii); 

varl=hinmparainr>Var(nuxl-fii); 
lekel 

meanl=meaiiLr+ii*DSvecSize; 
varl=varljr+ii*(DSvecSi2e+l); 

) 

for (intBM)a<nmb9D++) ( 
bb=exp(wgl2[B]); 
bl=sb->occ*bb; 
if (esidx2<new5tatebase) { 
niean2=hinmparainr>Mean(inix2+jjj); 
vai2==hiximparamr>Var(znix24jj); 
}else { 

mean2==ineaii2j:+jj*DSvecSize; 
var2=svaiSLx+jj*(DSvecSi2e+l); 

} 

CGL[ii*tuMix+j^.combCosl=0.0; 
if(bhat)| 
for (int i=04<DSvecSi2ei++) { • 
SuniVarIi]=:05*(1.0/vaxl[i+ll+1.0/vai2[i+lD; 

} 

1 

for (int i=0A<DSvecSize4++) { 

CGL[u''nmix4j3]xoinbMfeaiiIiH^ 

CGL[ii*ninix4jjI.coinbVar[i]^al*(1.0/varl[i4^^^ 
(infianltiKGUii?^ninix+Bl.caii^ 
(mean2[il<:GL[ii*ninbc4fllxoinbMea^^^ 

CGUii*miix4jj].coinbWdght=(al+bl)/(a->ocx+b->occ^^ 

if(Ibhat){ 

CGL[ii'*liiiux+Dl.caxnbCost+^al+bl)no^^ 
+bl*log(var2[i+lD; 
1 

/* Bhattacharyya Distance V 
else{ 

CGL[ii*imux4jj].coinbCost+==03*log(S\imVar[iD+^ 
CGL[iftixnix+jjixotnbCost+M).125*(i^ 
infian2tiD/SumVar[i]4fl5*log(SumyarIil)H^}JS»ao^^ 
} 

} 

} 

} 

/* sort the nmbc*nrnix distanc3es to ninix */ 
for (irit topnnuxs=0,iopninix<ninix;;topnniix++) { 

idxl[topmnix]snxnix+l; 

idx2[topninix]s?n2nix+l; 

} . . 

boo! notfirsbsfalse; 

boolRep^tnie; 

for (jnt topnzrdxM);topnxnix<nnux;topninix-H-^ { 
float zninCost=sl.0e+10; 
Rep=true; 

for (int iii=04ii<nmixpii++) { 
for (int ig==03D<nini59g++) { 
if (notSxstX 

for (int coimttopn=:0;coimttopn<topnxnipgcounttopn-f+) { 

13 
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if (idxlIcoiinttopn]=iii) Rep=false; 

) 

.for (int coimttopn==0;a)unttopn<topimiix;countlopn++) { 
if (idx2[coiinttopnl===ig) Rep=fake; 

I 

if ((CGL[iii''timix4jD]xQmbCost<3ninC { 
minCost^GL[iii*tiznix4jD].combC^^^ 
idxl[topninix]=diiAcb(2[topxuzu^ 

I 

Repstrue; 

) 

e]se{ 

if ((CGL[iii*lunix4|j].coir*Cost<min { 
ininCost=<:GL[iii*tU2Ux4jj]xoixibCost^ 
idxl[topimux]=dii4dx2[topmidx]s^ 
//notfiiststrue; 

1 

} 

1 

1 

notfirst=true; 

CGLTopl2[tc>piuxdx].conibCo5tsmm^ 
for (int ttt=0,'ltt<DSvecSize;ttt++) J 

CGLropl2[topnnux]xoinbMean[ttt]=CGL[idxl[topn^ 

CGLTopl2[topiuiuxIxoixa)Var[mM.0/CGL[idxl[t^ 

1 

CGLTopl2[topiiinix].combWdg^t=log(CGL[idxl[topnin^ 

} 

, CGLTopl2[nxnixI,conibCosl==0.0; 

f or (int i==0; i<nini3c; 
CGLTopl2[3iixux]xoinbCost^^GLT9pl2[i]xombC^ 

letum CGLTopl2[ninix].co2nbC6st; 
1 . 

void DSi2:eModeL£opyPazaxnl(aDcsTieeNode *nl, aDcsTreeNode *r2, int newstate) { 
int esidxl=«nl->stale; • 
int esidx2=n2->stafce; 
int nmixl,nmix2;ciiaxninix; 
int *nefwnmix=aiewNiriixSet; 
if (esidxl<newstatebase) { 

xumxl=hnunparam->E)6tate(esidxl)->nnux; 
}e]se{ 

xumxl^neivnin]x[esidxl-newstatebasel; 

1 

if (esidx2<newstatebase) { 

iTniix2=hinmpaiaixv->E3State(esidx2)->nx^ 
lelse{ 

nxnix2=newnmix[e5idx2-newstatebase]; 

1 

maxiimix=(n]nixl>iuxtix2)?nznixlTOmx2; 
/ /pmtf("ranaxinix=%d\n"Aunaxinix); 
int *tiewinix; 
if (newstate=0) { 

newmixs^iewMixSet; 

newiiux[new5tate]=:0; 
)else{ 

nefwixiixs^newMixSet; 

newxnix[new5tate]=newinix[new5tate-l]4-newnxm^ 

1 

xiewninix[new5tate]smaxianix; 

14 
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float '^wmean=newMeaiiSet+newinix[newstatel*DSvecSize; 
float '^wvais=newVarSet+newiiiix[newstatel*(DSvecSize+l); 
float *newwgtamewWgtSet+newmix[newstate]; 
for (int i=0;i<maxnixux4++) { 
newwgt[i]=FinalCGLTopl2[i].coxnbWeight 
float tempvar=:0.0; 
fbr(intja03<E)SvecSize,-(++) ( 
Tiewmean|j]=:FinalCGLTopl2[i]xombMeaxitjl; 
newvar|j+ll«FinalCGLTopl2[i].combVarIj]; 
lempvar+=log(2.0*I^IHfloat)log((double)nei^^ 

1 

newvarl01=tempvar; 

newmean'+<=DSvecSize; 
newvar+=(DSvecSize+l); 

1 

J • 

int DSizeModel::Gaus5iaanDbtaiicejvoc(void^ { 
printf Centering W); 

printfC*new5tatebases%d\n*'^ewstatd>ase}; 
iritnew5tafce=0; 

aiDcsTreeNode *teinp jlodessNULL; 

FinalCGLTopl2=(aContbGaiiss*)mem->MaUoc(si2fiof(aCoi^ 
CGLTopl2=(aCombGauss ♦)mem->MaUoc(sizeof{aCombGauss)*(nmix+l),true); 
TempCGLTopl2;=(aCpinbGauss'0^em->Mal]oc(sizeof(aCombG^ 
CGI^aConibGauss *)mem->Manoc(sizeof (aCoiribGaiiss)*ninix^ 
idxl=(int ♦)mem->MaUoc(si2eof(int)*tiinix,true); . 
vidx2s(int *)meinr>MaUoc(sizeof(int)*ninix^lTue)^ 
for (int i=04<nnux+lA++) { 
if(i<mnix){ 

FinalCGLTopl2[iI.coinbMeans(float 'Omeni->Malloc(sizeof(float)'^pSvecSize,;rue); 
FinalCGLTopl2[i]xoEhbVap=<£loat '0Qiem->Malloc(si^eof(float)'TOvec5ize,true); 

1 

CGLTopl2[il.combMean=(float *)mem->Malloc(sizeof(float)*DSvecSize,true); 
CGLTopl2[iI.coinbVai=(float '^)inem->Malloc(sizeof(float)'^DSvecSize,ttue); 
TanpCGLTopl2[i]xoinbMean=(Soat *}ixiexnr>Ma]loc(sizeof(float)'^D5vecS 
TempCGLTopl2[i]xoxnbVar^float '^jnem->MaUoc(sizeof(fl 

I 

for (int iM}/i<mux*tmux,i-H-) { 
CGL[i]xoIIlbMean^float ^)inem->Malloc(sizeof(float)'^DSvec5ize/true); 
CGL[ijxoonbVai^float*)mem->MaUoc(5izeof(float)*DSvecSl^^ 

} 

for (int i=M}A<mono->mQnoPhn^hlIn4++) | 
if (issDStee) continue; 
for(intH'i<3.i++)( 

if(DSlreesIi]8D{ 
/* nonnal models*/ 

printf("Now we are processing %d exstate's %dth state, start newstate=%d\n"/ij^ewstate); 
newstate=VocMergeNodes3I(&DStreesIi]01->root4H-DStrees[ilBl->roo 
tempjnode=iVocMergeNodesJRcfine(&DStrees[i](jl->root^ 
>rootjnagic,teinpjiode); 
1 

) 

) 

inemr>Free(CGL); 
mein->Free(FinalCGLTopl2); 
mein->Free(CGLTopl2); 
meixir>FreeCreinpCGLTopl2); 

15 



wo 02/29614 PCT/CNOO/00299 

mem->Free(idxl); 
xnem->Free(idx2); 
letum 1; 

) 

DSizeModek:DSizeModelO {} . 

void DSizeModeL-JmtiaIize(int tee, DcsTree ***tree5, int vecSize, int hnixnMbg aHMMDcsTreeNode 
*dnodes, 

int nodeNiunt bool isbhat) { 
zunix^hznmMbg 
DStee»tee; 
bhab=isbhat; 
KlvecSize=vecSize; 
DStrees=trees; 
DSdcsNodessdnodes; 
DSnodeMum^fnodeNuxn; 

} 

Thxis, a method and system to scale a decision tree-based hidden markov model 
(HMM) for speech recognitioiu The method and system described are particularly 
suitable for automatic speech r^gnition systems (ASR). In \he foregoing ' 
specification, Hie invention has been described with reference to specific exemplary 
embodiments thereof. It will, however, be evident that various modifications and 
changes may be made thereto without departing from die broader spirit and scope of 
the invention as set forth in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an iUustrative sense ralhertiian a restricti^ - 
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CLAIMS 

What is claimed is: 
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!• A speech processing mefliod comprising: 

scaling a decision tree-based model for a given task. 

2. The method of daim 1, wherein the decision tree-based model is a decision tree- 
based hidden markov model (HMM). 

3. The method of daim 1, fuxther comprising: 

adapting the scaled decision tree-based model for the given task. 

4. A speedi processing system con^rising: 

a memory to store a decision tree-based model for a given task; and . 
a processor to scale tiie decision tree-based modd for the given task. 

5. * Thesystemof daim 4^ wherein the dedsion tree-based modd is a decision tree- 
based hidden markov modd (HMM). 

6. The system of daim 4, wherein the processor is to adapt the scaled decision tree- 
based modd for the given task. 

7. A machine-readable medium that provides instructions, which if executed by a 
processor, caxise the processor to perform tiie operations comprising: 

scaling a decision tree-based modd for a given task. 

8. The machine-readable medium of daim 7, further providing instructions/ which 
if executed by a processor, cause the processor to perform the operations of: 

scaling the decision tree-based modd based on a hidden markov modd (HMM) 
for the given task. 

9. The machine-readable medium of claim 7, further providing instructions, which 
if ^ecuted by a processor,.cause the processor to perform the operations of: 
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adapting the scaled decision tree-based model for the given task. 



10. A speech processing method comprising: 
collecting a vocabulary knowledge of a given task; and 

trimming down a general model according to the vocabxilary knowledge of the 
giventask. 

11. The method of daim 10, further comprising: 
adapting the trim-down general model for the given task. 

12. The method of daim 11, wherein the adapting the trim-down general model 
indudes: 

collecting adaptation data, the adaptation data being related to the given task; 

and 

adapting the trimrdown general model to a task dependent model ti^g the 
adaptation data. ' 

13. The method of daim 12, further comprising: 

interpolating the trim-down general model with the task dependent model to 
obtain a task spedfic model. 

14. The method of daim 10, wherein the general model is a hidden markov model 
(HMM). 

15. A speedi processing system comprising: 
a memory to store a general model; and 

a processor to collect a vocabulary knowledge of a given task and to trim down 
the general mddd according to the vocabulary knowledge of the given task. 

16. The system of daim 15, wherein the processor is to adapt the trim-down general 
modd for the given task. 
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17. The system of claim 16, wherein the processor is to collect adaptation data, the 
adaptation data being related to the given task and adapt the trim-down general 
model to a task dependent model using the adaptation data. 

18. The system of claim 17, wherein the processor is to interpolate the trim-down 
general model with the task dependent model to obtain a task specific model. 

19. The system of claim 15^ wherein the general model is a hidden markov model 
(HMM). 

20. A machine-readable medium lhat provides instructions, which if executed by a 
processor, cause the processor to perform the operations comprising: 

collecting a vocabulary knowledge of a given task; and 

trimming down a general model according to the vocabulary knowledge of the • 
given task. 

21. The inachine-readable mediimi of daim 20, further providing instructions, 
which if executed by a processor, cause the processor to perform the operations of: 

adapting the trim-down general modd for the given task. 

22. The machine-readable medium: of daim 21, further providing instructiOTS, 
which if executed by a processor, cause tiie processor to perform the operations of: 

collecting adaptation data, the adaptation data being related to the given task; 

and 

adapting the trimrdown general model to a task dependent model using the 
adaptation data. 

23. The madiine-readable medium of daim 7, further providing instructions, which 
if executed by a processor, cause the processor to perform the operations of: 

interpolating the trim-down general model with the task dependent model to 
obtain a task specific modd. 
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